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(54) LASER BEAM GENERATING CIRCUIT USING SEMICONDUCTOR LASER DEVICE 

(57) So as to provide a high-frequency oscillator 

which sufficiently satisfies standards for unnecessary ™- ^ 

radiation and to obtain a high-frequency osdilator in 
which the matching capacitance is definitVeiy deter- 
mined and the osciliatton level of the oscillator is low- 
ered so that unnecessary radiation is reduced, an 
inductor element L5 which has a high impedance at the 
frequency used is inserted into the ground line of a high- 
frequency oscillator CT1 which drives a semiconductor 
laser LD1. so that the ground line of the oscillator and 
the other ground line are isolated from each other in 
high-frequency temis. In addition, inductor elements L5 
through L7 are also inserted into the power supply ter- 
minal Vcc of a high-frequency osdilator CT1 . the power 
supply terminal LDD of a semiconductor laser LD1 and 
the terminal PD used to check the amount of beam 
emitted t)y the semiconductor laser; and these inductor 
elements are constructed from ferrite beads FB2 
through FB5. The ferrite beads FB2 through FB5 are 
formed as integrated ferrite bead arrays. Furthermore, a 
laser beam generating device is constructed so as to be 
driven by superimposing high-frequency currents of at 
least two frequencies close to the semiconductor laser 
LD1 on a direct cunent. 
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Description 
Technical Field 

[0001 ] The present invention relates to a laser beam s 
generating circuit, and more particularly to a laser beam 
generating drcuit equipped with a high-frequency oscil- 
lating circuit which is used to SMperimpose a high-fre- 
quency signal on a direct current used to drive a 
semiconductor laser device. io 

Baclcground Technology 

[0002] In recent years, high-density memory data 
recording media that uses laser beam (optical disks) 
such as DDS (digital video disks), MOs (magneto-optic 
disks). PDs (phase change rewritable disks), etc. have 
been utilized In large quantities. Optical pidc-up devices 
which are used to write information on such optical 
disks or to read out information written thereon are con- 
structed from semiconductor laser devices (laser beam 
oscillating elements) and optical system devices. 
[0003] For example, in cases where read-out is per- 
formed by an optical pick-up device, a laser beam emit- 
ted from a semiconductor laser device is directed via 
optical system tenses so that the laser beam is con- 
ducted to a storage position on the surface of the optical 
disk, and information recorded on the optical disk is 
read out by detecting the reflected beam with a detector 
as disclosed In Japanese Patent Application Publication 
(Kokoku) No. S59-9086. 

[0004] When such read-out is performed, it is known 
that fluctuations in the beam output of the semiconduc- 
tor laser caused by the incidence of reflected beam from 
the optical disk on the semiconductor laser device can 
be suppressed by superimposing a high-frequency cur- 
rent on the direct current that drives the semiconductor 
laser device. 

[0005] Furthermore, in the high-frequency generating 
device which is used to generate a high-frequency cur- 
rent that is superimposed on the direct current used to 
drive the semiconductor laser device, tiie countermeas- 
ures taken against unnecessary radiation which occurs 
during the generation of the high frequency is one of the 
important design conditions that must be resolved in 
designing equipment such as the optical pick-up device, 
etc. For example, such countermeasures against 
unnecessary radiation includes, for instance, sealing off 
the high-frequency generating component inside the 
apparatus with a metal case. 
[0006] Rgure 1 is a block diagram illustrating one 
example of such a laser beam generating circuit. 
[0007] As shown in Rgure 1 . the optical pick-up device 
2 comprises a high-frequency oscillator 3. a semicon- 
ductor laser (not shown), a flexible printed circuit board 
(FPC) 4, etc. and is connected to a control circuit 5 by 
means of the flexible printed circuit board 4. The gr und 
line 6 of the optical pick-up device 2 Is connected to the 



ground on the casing of tiie optical disk device 1 via a 
ground line inside the control circuit 5 and is thus 
grounded 7. 

[0008] The high-frequency current for driving the sem- 
iconductor laser is generated by the high-frequency 
oscillator 3 of the optical pick-up device 2 shown in Rg- 
ure 1; accordingly, the FPC 4 acts in the manner of a 
transmitting antenna and thus generates unnecessary 
radiation. 

[0009] Rgure 2 is a block diagram which illustrates a 
conventional construction of ttie high-frequency oscilla- 
tor 3 in the laser beam generating circuit shown in Rg- 
ure 1. 

[0010] As shown in Rgure 2, an LD driving current 
generated by a DC power source LDD insKle the laser 
driving circuit CT2 is converted by a low-pass filter FT1 
into a direct current Uc from which high-frequency noise 
has been removed, and this current Idc is supplied to 
the laser driving terminal LOT of a laser device LD1. 
[001 1 ] A high-frequency current generated by a high- 
frequency oscillating circuit CT1 passes through a cou- 
pling capacitance Ck;1 and is impedance-matched by a 
matching capacitance Cml which is connected in paral- 
lel between itself and the ground; and the resulting cur- 
rent is then supplied to ttie laser driving terminal LDT of 
the semiconductor laser device LD1 as a high-fre- 
quency current lac. 

[0012] The coupling capacitance Cc1 also acts to 
superimpose the high-frequency current generated by 
tiie high-frequency osdllating circuit CT1 on the direct 
current supplied from the DC power source LDD. Since 
the semiconductor laser device LD1 performs an action 
that is equivalent to an electrical inductance, the match- 
ing capacitance Cml is set so as to resonate in parallel 
with the semiconductor laser device. 
[0013] The low-pass filter FT1 of the laser driving cir- 
cuit CT2 shown by the broken line is arranged so that 
the high-frequency current from the high-frequency 
oscillating circuit CT1 is prevented from f towing into the 
DC power source LDD; in addition, the inpedance on 
the skle of the DC power source LDD a seen from the 
coupling capacitance Ccl is increased by the low-pass 
filter FT1 to a high value, so that tiiere is no effect on the 
side of the laser drying circuit CT2. 
[0014] The ground terminal QDT of the semiconductor 
laser device LD1 is grounded, and a photo-detection 
terminal PD which checks the amount of beam emitted 
Is connected to a laser beam control circuit. 
[0015] Figure 3 is a circuit diagram which illusti'ates 
conventional internal circuitry of the high-frequency 
oscillator 3 in the laser beam generating circuit shown in 
Figures 1 and 2. 

[0016] The circuit shown in Figure 3 comprises the 
high-frequency oscillating circuit CT1 shown by a bro- 
ken line and the laser driving circuit CT2 which is like- 
wise shown by a broken line as well as a coupling 
capacitance Cel. a matching capacitance Cm1. etc. 
Electric power is supplied to the high-frequency osdllat- 
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ing circuit CT1 from a power supply Vcc; and the power 
supply line from the power supply Vcc and the line from 
the photo-detection terminal to the laser beam control 
circuit have r lativety large capacitances C4 and C6 
located between these lines and the ground. Further- 
more, inductances L3 and L4 and a capacitance C5 
which constitute the low-pass filter FT1 as described 
above are Inserted Into the line that runs from the DC 
power source LDD to the semiconductor laser device 
LD1. 

[0017] In figure 3. a DC voltage is applied to the col- 
lector of the transistor TR1 from the DC power supply 
Vcc via a resistance R1 ; and a resistance R2 used for a 
self-biased voltage is connected between the collector 
and the base. 

[001 8] A series circuit consisting of an inductance LI 
and capacitance CI which are the main elements that 
determine the oscillation frequency is connected to the 
base of the transistor TR1 , and the other end of this cir- 
cuit is connected to ground (GND). Furthermore, a 
series circuit consisting of a resistance R3 and an 
inductance L2 is connected between the emitter and 
ground, and a capacitance C2 used for feedback is con- 
nected between the base and emitter via the resistance 
R3. 

[0019] One end of the coupling capacitance Ccl is 
connected to an intermediate point between the resist- 
ance R3 and the inductance 12, and the other end 
thereof is connected to one of the terminals of the sem- 
iconductor laser device LD1 as an oscillating output ter- 
minal. The capacitance Cm1 is connected between the 
oscillating output temiinal and the ground. A capaci- 
tance C3 used as a high-frequency by-pass capacitor is 
connected In parallel between the collected of the tran- 
sistor Tr1 and the ground. 

[0020] As described above, the semiconductor laser 
LD1 is driven by a direct cun^ent supplied from the sem- 
iconductor laser driving power source LDD (terminal); 
and at the same time, a high-frequency cun'ent from the 
high-frequency oscillator CT1 is superimposed on the 
direct current via the capacitance 03. A photo-detection 
(PD) terminal for checking the amount of beam emitted 
by tfie semiconductor laser LD1 is connected to an 
external control part: and in this case, the amount of 
beam emitted by the semiconductor laser LD1 Is con- 
trolled by a circuit (not shown). 
[0021] Meanwhile, the semiconductor laser LD1 has a 
low impedance in electrical terms and has the charac- 
teristics of an inductance in equivalent terms. Accord- 
ingly, a circuit employed is constructed so that the 
capacitance Cm1 and inductance L2 are connected in 
parallel with the semiconductor laser LD1 , so that a par- 
allel resonance is aeated (including the capacitance 
Ccl), thus supplying the maximum output current of the 
high-frequency oscillator to the semiconductor laser 
LD1. 

[0022] Furthermore, a capacitanc 04. a low-pass fil- 
ter consisting of inductances L3. L4 and a capacitance 



05, and a capacitance 06, are respectively inserted 
between the DC power supply Vcc (terminal) and the 
resistance R1 , between the semiconductor laser driving 
power source LDD (terminal) and the terminal of the 
5 semiconductor laser LD1, and between the photo- 
detection (PD) terminal and the terminal of the semicon- 
ductor laser LD1 ; and these elements are grounded to 
the ground terminal (GND). 

[0023] Furthermore, the high-frequency oscillating cir- 
10 cuit 0T1 shown by a broken line is an oscillating circuit 
known as a so-called "Colpitts** type circuit which is 
comprised of the transistor TBI , Inductances LI and L2. 
capacitances 01 and 02 and resistances R1. R2 and 
R3. If the synthesized capacitance of the capacitance 
IS 02 and the resistance R3 connected in series between 
the base and emitter of the transistor TR1 is designated 
as 022'. and the infipedance of the circuit formed by 
connecting the series circuit consisting of the coupling 
capacitance Oc1 and the matching capacitance 0ml to 
20 the inductance L2 in parallel is designated as L22'. then 
the oscillation frequency is determined by the element 
values of the oscillating loop formed by 01 . L1 , 022' and 
L22*. 

[0024] As seen from above, the output frequency of 
25 the laser beam generating circuit shown in Figure 3 
depends on the values of the elements that make up the 
oscillating loop. i. e.. the inductance LI. capacitance 01. 
capacitance 02. inductance L2. coupling capacitance 
Oc1 and matching capacitance 0ml. By varying these 
30 element values, the frequency of the laser beam gener- 
ating circuit can be changed. In particular, the element 
values of the inductance LI and capacitance 01 of the 
series circuit are the governing factors in this case. 
[0025] As described above, the low-pass filter con- 
as nected to the DO power source LDD within the laser 
driving circuit 012 irKlicated by a txoken line is con- 
structed from the inductances L3 and L4 and capaci- 
tance 05. This prevents the high-frequency curent lac 
supplied from the high-frequency oscillating circuit CT1 
40 from f bwing into the DO power source LDD. In addition, 
it is designed so that the impedance on the side of the 
DO power source LDD as seen from the capacitance 
Oc1 is increased to a high value, thus preventing any 
effect on the laser driving circuit CT2 sida 
45 [(K)26] In the above-described high-frequency oscilla- 
tor 3. the elements that radiate unnecessary electro- 
magnetic waves are, mainly, the power supply line (Vcc) 
which supplies power to the high-frequency oscillating 
circuit Oil . tiie laser driving line (LDD) connected to the 
50 DC power source, the photo-detection line (PD) for 
checking the amount of beam emitted, and the ground 
line (GND). 

[0027] As a conventional means of reducing the 
anx)unt of unnecessary radiation as shown in Figure 3. 
55 the unnecessary high-frequency cunrent is caused to 
flow to the ground side by inserting large-capacitance 
by-pass capacitors 04 and 06, etc. between the power 
supply Vcc and gr und GND. or such unnecessary radi- 
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ation is suppressed by inserting L3, L4 and C5 which 
constitute a lew-pass filter. 

[0028] To describe one example of a prototype laser 
beam generating circuit that uses the drcuit construc- 
tion shown in Figure 3. a 2SC4184 was used as the 
transistor TR1 . the resistance R1 was set at 100 0. the 
resistance R2 was set at 10 k O, the resistance R3 was 
set at 15 n. the capacitance CI was set at 27 pR the 
capacitance 02 was set at 22 pF, the capacitance C3 
was set at 330 P. the capacitance Ccl was set at 15 pF, 
the capacitance Cm1 was set at 56 pF, the inductance 
LI was set at 33 nH, and the inductance 12 was set at 
39 nH. Furthermore* as element values used to prevent 
unnecessary radiation, the inductances L3 arxl L4 were 
set at 27 nH. the capacitance C4 was set at 30 pF, the 
capacitance C5 was set at 1000 pF. and the capaci- 
tance C6 was set at 330 pF. etc. 
[0029] However, even in the high-frequency oscillator 
3 equipped with the above-described by-pass capaci- 
tors C4 and C6 used to pre/ent unnecessary radiation, 
it frequently happens that the standards set, for exam- 
ple, by the FCC (U.S. Federal Communications Com- 
mission) cannot be satisfied, as indicated by the 
example of measured unnecessary radiation shown in 
Figure 4, and considerable adjustment work is required 
in order to adjust the unnecessary radiation characteris- 
tics to values that satisfy such standards. Alternatively, 
it may be necessary to provide shiekiing by means of a 
metal case. 

[0030] Figure 4 shows one example of the frequency 
of a laser beam generating circuit that uses the above- 
described element values shown in Figure 3 plotted 
against the electric fieki intensity (dB ^V/ni) (output 
level) of the unnecessary radiated waves. 
[0031] The oscillation frequency of the laser beam 
generating device shown in Figure 3 is in the range of 
260 MHz to 300 MHz. As is clear from Figure 4, the 
measured value of the electric field intensity exceeds 
the FCC (B) standard (step-form regulatory value) for 
unnecesary radiation in the range from 800 MHz to 
1200 MHz. and tiie standard is not satisfied. 
[0032] However, in order to output the prescribed 
quantity of laser beam, the output of the high-frequency 
signal of the laser beam generating circuit must be 
increased to a large value. Accordingly, the power must 
be set at the very limit of the radiation standard. 
[0033] Figure 5 shows the relationship between the 
frequency components generated by the above- 
desaibed high-frequency oscillating parts and the 
standard for unnecessary radiation In model form. As 
seen from Figure 5. a fundamental wave component (f 1) 
and numerous higher harmonic components such as a 
second harmonic (f2) and third harmonic (fS). etc., are 
generated. 

[0034] Meanwhile, a portion of the output of the high- 
frequency oscillating circuit CT1 generally leaks to the 
outside; howev r, as shown in Figure 4. the standard for 
unnecessary radiation is set for tiie levels (peak values) 



of the respective frequency compon nts. 
[0035] In actual manufacture, as shown in Figures 4 
and 5. if the fundamental wave component is set at the 
very limit of the radiation standard, the radiation stand- 

5 ard will often be exceeded at the frequencies of the 
higher harmonic components, etc. as a result of individ- 
ual differences between laser beam generating circuits. 
[0036] Furthermore, in the conventional circuit shown 
in Figure 3, the higher harmonic components are 

10 blocked by inserting an LC low-pass filter constructed 
from inductances and a capacitance into the circuit of 
the laser driving power source LDD. In this case, how- 
ever, it is difficult to achieve sufficient suppression of 
unnecessary radiation, and cons'iderat)le effort must be 

15 expended in making various adjustments of the element 
values of the laser beam generating circuit in order to 
satisfy the standard. Furthermore, in cases where an 
attempt is made to block higher hamnonic components 
by inserting an LC low-pass filter constructed from 

20 inductances and a capacitance into tiie circuit of the 
power supply Vcc in the same manner as described 
above, it is also difficult to achieve sufficient suppres- 
sion of unnecessary radiation, and considerable effort 
must still be expended in making various adjustments of 

25 tiie element values of the laser beam generating circuit 
in order to satisfy the standard. Conventionally, further- 
nfx>re. tiie adjustments performed in order to obtain tiie 
optimal value or prescribed value of the superimposition 
effect as described above have been trial-and-error 

30 adjustments of the value of the matching capacitance 
Cml ; accordingly, these adjustments require consklera- 
ble effort, resulting in increased costs. 

Disclosure of the Invention 

35 

[0037] The object of the present invention is to provide 
a laser beam generating circuit in which the above- 
described unnecessary radiation is reduced. More spe- 
cif k»lly. tiie object of tiie present invention is to provkie 

40 a laser beam generating circuit in which unnecessary 
radiation is reduced by constructing tiie laser beam 
generating circuit so that sufficient stability of the 
amount of laser beam emitted can be ofc>tained even if 
tiie level off the high-frequency signal that is superim- 

45 posed on tiie laser driving DC power supply is reduced 
to a snrrail value, and also to provide a laser beam gen- 
erating circuit in which unnecessary radiation is mini- 
mized so that the unnecessary radiation sufficientiy 
satisfies, for example. FCC standards, using the mini- 

50 mum required number of parts (e. g., without a shielding 
case) and witiiout any need for a complicated adjust- 
ment process. 

[0038] The various constructions and methods 
described below are used in the present Invention in 
55 order to achieve tiie above object: 

(1) In tiie high-frequency oscillator for driving the 
semiconductor laser, an inductor which shows a 
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high impedance in the vicinity of th oscillation fre- 
quency of the high-frequency oscillator is inserted 
into the ground line of such a high-frequency oscil- 
lator. 

(2) In addition to (1) described above, inductors s 
which shew a high innpedance in the vicinity of the 
oscillation frequency of the same high-frequency 
oscillator are further inserted in the power supply 
line (Vcc) which supplies power to the high-fre- 
quency oscillating circuit CT1. in the laser driving w 
line (LDD) which is connected to the DC current 
source, and in the photo-detection line (PD) which 

is used to check the amount of laser beam emitted. 

(3) In addition to (2) described above, ferrite beads 
are used as inductors which show the high imped- is 
ance in the vicinity of the oscillation frequency of 
the high-frequency oscillator. 

(4) Ferrite beads are used instead of the tank circuit 
used in the feedback circuit of the high-frequency 
oscillating circuit 20 

(5) The matching capacitance of the semiconductor 
laser and high-frequency oscillating circuit is 
inserted so that the capacitance matches the oscil- 
lation frequerKy of the high-frequency oscillator, 
thus making it possible to obtain the desired super- 25 
imposition effect by an adjustment performed in a 
short time. 

(6) The high frequency that is superimposed on the 
laser driving line is arranged so that the high fre- 
quency includes not only a fundamental wave, but so 
also higher harmonics such as second and third 
harmonies, etc., or a plurality of fundamental wave 
oscillating circuits are used, so that multiple fre- 
quendes consisting of two a nfx>re frequencies can 

be superimposed. 3S 

Brief Explanation of the Figures 
[0039] 

40 

Figure 1 illustrates the internal construction of a 
beam pick-up device. 

Figure 2 is a block diagram which illustrates one 
example of a conventional laser beam generating 
circuit 45 
Figure 3 is a circuit diagram which illustrates one 
example of a conventional laser beam generating 
circuit 

Figure 4 is a graph which shows tiie relationship 
between the measurement frequency and meas- so 
ured values of unnecessary radiation in one exam- 
ple of a conventional laser beam generating circuit 
and a standard for unnecessary radiation. 
Figure 5 is a diagram which shows, in model form, 
the relationship between frequency spedrum data ss 
for the fundamental wave and higher harmonics in 
one example of a laser beam generating circuit and 
a standard for unnecessary radiation. 



Rgure 6 is a circuit diagram which illustrates on 
embodiment of the laser beam generating circuit 
according to the present invention. 
Rgure 7 is a graph which shows the relationship 
t)etween the measurement frequency and meas- 
ured values of unnecessary radiation in one 
embodiment of the laser beam generating circuit of 
the present invention and a standard for unneces- 
sary radiation. 

Rgure 8 is a circuit diagram which illustrates one 
embodiment of tiie laser beam generating circuit 
according to the present invention. 
Rgure 9 is a circuit diagram which illustrates one 
embodiment of the laser t^eam generating circuit 
according to the present invention. 
Rgure 10 is a diagram which illustrates one embod- 
iment of ttie laser beam generating circuit accord- 
ing to the present invention. 
Rgure 1 1 is a graph showing typical characteristics 
of ferrite beads. 

Rgures 12(a) tiirough 12(c) are perspective views 
which show the structure of a ferrite bead array and 
a completed block. 

Rgure 13 is a circuit diagram which illustrates one 
embodiment of tiie laser beam generating circuit 
according to the present invention. 
Rgure 14 is a diagram which shows, in model form, 
tiie relationship between frequency spectrum data 
for tiie fundamental wave and higher harmonics in 
one embodiment of tiie laser beam generating cir- 
cuit of tiie present invention and a standard for 
unnecessary radiation. 

Rgure 15 is a diagram whk:h shows the frequency 
spectrum of one embodiment of the laser beam 
generating circuit according to tiie present inven- 
tion. 

Rgure 16 is a diagram which illustrates the super- 
imposition effect from the relationship between the 
driving current of the laser beam generating circuit 
and the k>eam output of tiie semiconductor laser. 
Rgure 17 is a graph which illustrates the relation- 
ship of tiie semiconductor laser mode, frequency of 
the superimposed current and matching capaci- 
tance in a case where the high-frequency osdlla- 
tion frequency is 250 MHz. 
Rgure 18 is a graph which illustrates the relation- 
ship of the semiconductor laser mode, frequency of 
tiie superimposed cunrent and matching capaci- 
tance in a case where the high-frequency oscilla- 
tion frequency is 350 MHz. 

Best Mode to Carry Out the Invention 

[0040] In order to describe tiie invention of the present 
application in greater detail, a description will be pre- 
sented on the basis of preferred enrt)odiments illus- 
t-ated in the accompanying drawings. 
[0041] Figure 6 is a circuit diagram which illustrates 
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one embodiment of the laser beam generating circuit of 
the present invention. 

[0042] The laser beam generating circuit of the 
embodiment shewn in Figure 6 differs as follows from 
the conventional laser beam generating circuit shown in s 
Figure 3: i. e., an inductor L5 is inserted into the ground 
line of this laser beam generating circuit so that the 
ground of the high-frequency oscillating circuit CT1 and 
the ground of the control device (PD, etc.) are isolated in 
the high-frequency region, thus preventing the emission 
of unnecessary radiation. It is desirable that this induc- 
tor L5 be constructed using fen'ite beads as will be 
described later. 

[0043] The embodiment shown in Figure 6 is based on 
the experience of the inventors of the present invention 
in the design of portat)le wireless sets. etc. 
[0044] In designing portable wireless sets, etc.. it is 
known that the radiation of electromagnetic waves 
occurs if there is a sufficient line length or a sufficient 
conductive pattern area for electric current to generate 
a magnetic field. 

[0045] However, the circuit parts of a high-frequency 
oscillator used Ibr lasers are sufficiently small (5 mm x 5 
mm), and it is considered that there would be almost no 
radiation from the circuit parts. 
[0046] Accordingly, considering that unnecessary 
radiation from a high-frequency oscillator used for 
lasers occurs as a result of the extension of a long 
ground line from the high-frequency oscillator, the 
inventor inferred that the unnecessary radiation can be 
reduced by isolating the ground line from the grounding 
line. 

[0047] One example of the measurement of unneces- 
sary radiation in a prototype laser high-frequency oscil- 
lator constructed on the basis of the above-described 
approach is shown in Figure 7. Rgure 7 is a graph 
which shows the relationship between the measure- 
ment frequency and measured values of unnecessary 
radiation in one embodiment of the laser beam generat- 
ing circuit of the present invention, and a standard for 
unnecessary radiation. 

[0048] In Rgures 6 and 7, the oscillation frequency of 
the prototype high-frequency oscillating circuit CT1 is 
300 MHz. and the impedance of the inductor inserted 
into the ground line is approximately 500 ohms at 300 
MHz. 

[0049] As is clear from Figure 7, it is ascertained that 
the FCC standard is sufficiently satisfied in a state with- 
out any shielding case. 

[0050] Rgure 8 is a circuit diagram which illustrates an 
embodiment of the laser beam generating circuit of the 
present invention in which inductors L6 through LB used 
for the purpose of cutting off the connection with the 
high-frequency oscillating circuit CT1 in the high-fre- 
quency region are respectively inserted between the 
DC power supply Vcc (terminal) and the resistance R1 , 
between the semiconductor laser driving power source 
LDD (terminal) and the terminal of the semiconductor 



laser LD1 , and between the photo-detection (PD) termi- 
nal and the terminal of the semiconductor laser LD1 . in 
the same manner as the inductor L5 inserted into the 
ground lin inRgur 7, thus preventing th emission of 
unnecessary radiation. It is desirable that these induc- 
tors IB through L8 also be constructed using, as will be 
desaibed later, ferrite beads, etc. in the same manner 
as the inductor L5. 

[0051] Figure 9 is a circuit diagram which illustrates an 
embodiment of the laser beam generating circuit of the 
present invention in which a tank circuit consisting of a 
capacitance C7. a resistance R4 and an inductor L9 is 
inserted instead of the inductor 12 in the high-frequency 
oscillating circuit CT1 of the circuit shown in Figure 8. 
[0052] This tank circuit is used because of the fact that 
a high feedback amount and stable oscillation are 
obtained as a result of the frequency characteristics of 
the capacitance 07 and inductor L9; however, in order 
to avoid the occurrence of abnormalities such as self- 
excited oscillation, etc. caused by an excessively high Q 
(frequency selection characteristics) value of the tank 
circuit. Q is towered by inserting a resistance R4 (consti- 
tuting a danrping resistance) in parallel. 
[0053] Rgure 10 is a drcuit diagram which illustrates 
an embodiment of the laser beam generating circuit of 
the present invention in which the inductors L5 through 
LB and tank circuit in Rgure 9 are replaced by ferrite 
beads FBI through FB5. 

[0054] As also described in the en^xxliment shown in 
Figure 6, it is desirable to use ferrite beads as inductors. 
The reason for this is that ferrite beads have such char- 
acteristics that they show a high impedance and a high 
pure resistance value at a specified frequency 
[0055] With the use of ferrite beads, the characterise 
tics required in the tank circuit in Rgure 9 can be 
obtained by a single ferrite bead; and also since the 
radiation of electromagnetic waves is sealed inside 
such beads, the effect on the oscillating circuit can be 
reduced. Thus, the oscillation can be stat>ilized. 
[0056] As a result of the use of such ferrite beads, the 
size of the circuit can be reduced, costs can be reduced, 
and the oscillation can be stabilized. 
[0057] Rgure 11 Is a graph that shows typical charac- 
teristics of fenrite beads. 

[0058] it may be seen from Rgure 1 1 that ferrite beads 
have such characteristics that they show a high imped- 
ance and a high pure resistance value at a specified fre- 
quency 

[0059] Figures 12(a) through 12(c) are perspective 
views which show the structure of a ferrite bead array, 
and a completed block 

[0060] Figure 12(a) is a perspective view of the first 
layer, Figure 12(b) is a perspective view of the second 
layer, and Rgure 12(c) is a perspective view of a femte 
bead an^y (hereafter refen'ed to as TBA") accommo- 
dating four coils consti-ucted by alternately laminating 
tiie layers shown in Figures 12(a) and 12(b). 
[0061] The method used to form tiie FBA shown in 
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Rgure 12(c) is as follows: i. a, the suiiace of a first rec- 
tangular ferrKe material sheet (hereafter referred to as a 
'green sheet") 1 1 shown in Rgure 1 2(a) is ooated with a 
conductive material 12 in a semi-rectangular pattern 
running along the inside of two sides forming a right 5 
angle of the rectangular shape of the green sheet, and 
an initial terminal 13-1 and final terminal 14-1 respec- 
tively constituting pad parts in which the area of the con- 
ductive material Is increased are formed in the initial 
end portion and final end portion of the conductor con- 
sisting of the conductive material 12. Next, on the sur- 
face of the second green sheet, a conductor formed by 
applying a conductive material 15 Is fbmried In a more or 
less point-symmetrical pattern with respect to the con- 
ductive material 12 on the surface of the above- 
described first green sheet, with the center of the green 
sheet as the axis of rotation, and an initial terminai 13-2 
and final terminal 1 4-2 constituting pad parts are fbrmed 
in the initial end portion and final end portion of the con- 
ductor in the same manner as in the case of the first 
green sheet Then, green sheets alternately coated with 
semi-rectangular conductor patterns in the same man- 
ner are laminated. 

[0062] In the above-described laminated green 
sheets, the initial terminal 13-1 of tiie first green sheet is 
used as an input terminal, and electrical continuity is 
obtained between the final tenninal 14-1 of the first 
green sheet and the initial terminal 13-2 of the second 
green sheet by forming a tiirough-hole. Likewise, the 
final terminal 14-2 of the second green sheet and the 
initial terminal (not shown) of a third green sheet are 
also connected by means of a tiirough-hole. Then, by 
repeating this operation, the final temninal of the final 
green sheet is used as an output terminal. 
[0063] By connecting the initial terminals and final ter- 
minals of the conductors formed on the respective 
green sheets by means of through-holes as described 
above, a coil is formed which is electrically continuous 
from the input terminal of the first green sheet to the out- 
put terminal of the final green sheet. 
[0064] The FBA shown in Figure 12(c) is obtained so 
that four coils formed by the method desaibed above 
are lined up and formed Into a block in a direction that is 
substantially perpendicular to the direction in which the 
input terminals and output terminals are connected. 
Thus, independent inductances are formed for each 
combination of input and output terminals. 
[0065] By using FBAs of the type shown in Rgure 
12(c) as FB2 through FB5 in Rgure 10, it is possible to 
prevent the diffusion of the fundamental wave and 
higher harmonic components into external circuits in tiie 
DC power supply Vcc, semiconductor laser driving 
power source LDD, photo-detection (PD) circuit used to 
check the amount of beam emitted t}y the semiconduc- 
tor laser, and ground (GND) circuit 
[0066] In the meantime, when such a ferrite bead 
array FBA is used in each of tiie above-desaibed Vcc, 
LDD, PD and QND circuits, the phase of the power sup- 



ply Vcc. line which is connected to the collector of th 
transistor TR1 and tiie phase of the semiconductor 
laser driving power supply line LDD which Is connected 
to the emitter of tiie transistor TR1 are mutually inverted 
phases. Accordingly, by using a structure in which tiie 
inductances used to prevent unnecessary radiation are 
installed in close proximity to each other inskJe the FBA, 
the unnecessary radiation components are reduced as 
a result of being mutually canceled by crosstalk As a 
result, it would appear that tiie diffusion of tiie above- 
described fundamental wave and higher harmonic com- 
ponents into external circuits can be prevented. 
[0067] In the above, a laser beam generating circuit 
construction in which unnecessary radiation is reduced 
by using inductances so as to isolate the ground line of 
the laser beam generating drcuit from the ground line, 
and a consti'uction in which a ferrite bead an'ay is used 
as such inductances, are described. Next, a laser beam 
generating circuit which can reduce unnecessary radia- 
tion without using inductances will be described. 
[0068] Figure 1 3 is a circuit diagram which illustrates 
one embodiment of such a laser beam generating cir- 
cuit of the present invention. 

[0069] The laser beam generating circuit shown in 
Figure 13 comprises a first high-frequency oscillating 
drcuit CT11 surrounded by a broken line, a second 
high-frequency oscillating drcuit CT21 surrounded by a 
one-dot chain line, and the remairnng semiconductor 
laser drcuit 

[0070] The first and second high-frequency oscillating 
drcuits CT11 and CT21 are so-called Colpitts type 
oscillators that use cunrent feedback bias drcuits. 
Series drcuits consisting of base bleeder resistances 
RB11, RB12 and RB21. RB22 are connected between 
the DC power supply Vcc and ground. A voltage is sup- 
plied to the bases of transistors TR1 1 and TR21 from 
intermediate points in these series drcuits. and a DC 
voltage is applied to tiie collectors of TB1 1 and TR21 
from Vcc via resistances R11 and R21. 
[0071] Furthermore, series drcuits consisting of 
inductances L11 and L21 and capacitances C11 and 
C21, which are the main elements determining the 
oscillation frequency, are connected between the bases 
of the transistors TR11 and TR21 and ground; and 
capacitances CI 2 and C22 are connected in parallel 
between the bases and emitters. 
[0072] In addition, series circuits consisting of induct- 
ances LI 2 and L22 and parallel circuits of emitter resist- 
ances R12 and R22 and emitter capacitances CI 4 and 
C24, are connected between the emitters of the transis- 
tors TR1 1 and TR21 and ground, and an oscillating out- 
put current is extracted from the emitters of the 
transistors TR11 and TR21 via tiie capacitances Cell 
and Cc21. This high-frequency signal is superimposed 
on the direct current from tiie semiconductor laser driv- 
ing power source LDD. so that the semiconductor laser 
LD11 is driven. 

[0073] Furthemiore, a low-pass filter constructed from 
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an inductance L13 and a capacitance CIS is inserted 
into the DC pcwer supply Vcc, and by-path condenser 
C13 and C23 are connected between the collectors of 
the transistors TRl 1 and TR21 and ground. 
[0074] The low-pass fiHer and inductances Inserted 
into the DC power supply Vcc and semiconductor driv- 
ing power source LDD are to prevent the higher har- 
monic components generated in the laser beam 
generating circuit from leaking into other external circuit 
blocks via the power supply line and other lines. 
[0075] Furthermore, the output of the photo-detection 
(PD) terminal used to check the amount of beam emit- 
ted by the semiconductor laser LD1 1 is connected to an 
external control part, and the amount of beam emitted 
by the semiconductor laser is controlled. 
[0076] The high-frequency oscillating circuit CT1 1 
shown in Rgure 13 depends on the values of the ele- 
ments constituting the oscillating loop, the inductance 
L11, the capacitance C11, the capacitance 012. the 
inductance L12. the capacitance C14, the coupling 
capacitance Ccl 1 and the matching capacitance Cm1 1 . 
Furthermore, the high-frequency oscillating circuit CT21 
depends on the values of the elements constituting the 
oscillating loop, the inductance L21, the capacitance 
021, the capacitance 022, the inductance 122, the 
capacitance 024, the coupling capacitance Cc21 and 
the matching capacitance 0ml 1. Ihe oscillating fre- 
quency can be changed by varying these element val- 
ues: in particular, the element values of the series circuit 
consisting of the inductance L1 1 and capacitance Oil, 
and the element values of the series circuit consisting of 
the inductance L21 and capacitance 021, are the gov- 
eming factors in this case. 

[0077] Meanwhile, the semiconductor laser LD1 1 has 
a low Impedance in electrical terms and shows the char- 
acteristics of an Inductance In equivalent terms. Accord- 
ingly, the capacitance Omll and inductance LI 2 are 
connected in parallel with the semiconductor laser LD1 1 
so as to cause parallel resonance with the laser LD1 1. 
Thus, such a circuit construction Is employed that paral- 
lel resonance including the capacitance Cell and 
capacitance 014 Is effected, thereby causing the output 
cun-ent of the high-frequency oscillating circuit CT1 1 to 
be supplied to the semiconductor laser LD1 1 at a maxi- 
mum level. 

[0078] Similarly, the capacitance 0ml 1 and Induct- 
ance L22 are connected In parallel with the semicon- 
ductor laser LD11. thus causing parallel resonance of 
the semiconductor laser LD11 including the capaci- 
tance Oc21 and capacitance 024, so that the output 
cun-ent of the high-frequency oscillating circuit CT21 is 
supplied to the semiconductor laser LD11 at a maxi- 
mum level. 

[0079] Furthermore, the low-pass filter consisting of 
the inductance LI 3 and capacitance 015 inserted into 
the DO power supply Vcc and the low-pass filter con- 
structed from the inductance LI 4, inductanc LIS and 
capacitance 016 inserted into the laser driving power 



source LDD are used to prevent high r harmonic com- 
ponents generated by the high-frequency oscillating dr- 
cuits 0T11 and 0T21 from leaking into other circuit 
blocks via the power supply line. 

5 [0080] Thus, the high-frequency oscillating circuits 
CT11 and 0T21 generate high-frequency currents of 
two or more frequencies, and the semiconductor laser 
LD11 is driven by superimposing these high-frequency 
currents on the direct current; as a result, unnecessary 

10 radiation can be reduced. 

[0081 ] Figure 1 4 is a diagram which shows, in model 
form, the relationship between frequency spectrum data 
for the fundamental wave and higher harmonics in one 
embodiment of the laser beam generate circuit of the 

15 present invention and a standard for unnecessary radi- 
ation. 

[0082] Figure 14 shows a case in which the funda- 
mental wave components of tiie output components of 
two laser beam generating circuits A and B as shown In 

20 Figure 13 are respectively designated as fal and fbl, 
tiie higher harnwnic components are designated as fa2, 
fb2. ... fa4. fb4 and so on, and these components are 
applied to a semiconductor laser LD. By way of this, tiie 
same superimpositlon effect can be obtained even if tiie 

25 respective fundamental wave components and higher 
harmonic components are suppressed to a low output 
level compared to a case in which the semiconductor 
laser is driven by a power supply witii a single superim- 
posed high frequency As a result, the level of unneces- 

30 sary radiation can he conspicuously reduced by 
keeping the output levels of tiie respective high-fre- 
quency oscillators used for superimposition at low lev- 
els. 

[0083] Figure 15 is a diagram which shows the fre- 

35 quency spectrum of one embocfiment of the laser beam 
generating circuit of the present invention. 
[0084] The values of the elements constituting tiie 
high-frequency oscillators 0T11 and 0T21 in this case 
are, as the element values of the high-frequency oscil- 

40 lating circuits 0T1 1 and 0T21 : RB1 1 {RB21) = 2.2 kS, 
RB12 (RB22) = 1 kS. R11 (R21) =30 S. L11 (L21) = 15 
mH. Oil (021) = 12 pF, L12 (L22) = 39 mH, R12 {R22) 
= 33 S, 014 (024) = 33 pF. Cell (0c21) = 2 pF. 013 
(023) = 330 pF, L13 = L14 = LIS -27 mH. CIS = 016 = 

45 330 pF. and 0ml 1 » 13 pF. 

[0085] The osdilation frequency of ttie high-frequency 
osdllator 0T1 1 is set at 520 MHz, and the output is set 
at 10.3 dBm. The oscillating frequency of the high-fre- 
quency oscillator CT21 is set at 600 MHz by finely 

so ac^usting ttie above-described element values, and the 
output Is set at 10.3 dBm. 

[0086] Rgure 15 shows tine frequency spectrum in a 
case where the high-frequency cun-ents of the above- 
described two frequences were superimposed on the 
55 direct current and applied to tiie semiconductor laser, 
thus causing a beam emission of 3 mW. It is seen that 
tiie level of ttie fundamental wave of tiie high-frequency 
oscillator CT21 is -19.0 dBm. and that the high-fre- 



8 



15 



EP0918322A1 



16 



qu ncy oscillat r CT1 1 is suppressed to -21.0 dBm. 
[0087] Furthermore, it is seen that even the largest 
higher harmonic component is suppressed to a small 
value, i. e.. -33.0 dBm at 1724 MHz. 
[0088] In regard to the high*f requency oscillatas used 
for superimposttion in the present invention, it is con- 
firmed that, as long as a high frequency is generated, 
the same effect may be obtained using LC oscillattors, 
RC oscillators or piezo-electric oscillators such as 
quartz oscillators or ceramic oscillators, etc. 
[0089] Though two different frequencies are used in 
the embodiment above, it would also be possible to use 
more than two different frequencies. 
[0090] Next, the method for adjusting the above- 
described laser generating circuit will be described. 
[0091 ] Figure 1 6 illustrates the superimposttion effect 
from the relationship between the driving current of the 
laser beam generating circuit and the beam output of 
the semiconductor laser. 

[0092] In Figure 16. the driving cun^ent (units: mA) is 
shown on the horizontal axis, and the beam output 
(units: mW) is shown in the vertical axis. The beam out- 
put in a case where the semiconductor laser LD is 
driven only by a direct current is indicated by curve A (A 
before superimposition), while the beam output in a 
case where the semiconductor laser LD is driven with a 
high-frequency cun^ent superimposed on the above- 
described direct current is indicated by curve B (B after 
superimposrtion). 

[0093] In Figure 16. if for example, curve A and curve 
B in a case where the beam output is 5 mW are com- 
pared, it is seen that a smaller driving cun-ent is required 
in the case of curve B, in which a high-frequency current 
is superimposed. This is referred to as the "superimpo- 
sition effect", and the difference between curve A and 
curve B in terms of the driving current required in order 
to obtain the same beam output is referred to as the 
"degree of nrKxiulation". 

[0094] tt is universally known that when a high-fre- 
quency curent is superinrposed on the direct current 
that drives the semiconductor laser LD, not only the fun- 
damental wave component but also the higher harmonic 
components, contribute greatly to the suppression of 
fluctuations in the beam output 
[0095] Meanwhile, in the above-desaibed standard 
for unnecessary radiation, such radiation is regulated by 
the level values (peak values) of various frequency com- 
ponents. arxJ values exceeding the standard are prohib- 
ited at ail frequencies. The relationship between the 
frequency components of the high-frequency osdlla- 
tor(s) used for superimposition and the standard for 
unnecessary radiation is as shown in model form in Rg- 
ure 5. As shown in Figure 5. tiie above-described super- 
imposition effect is obtained as a result of the presence 
of the fundamental wave component (f 1), and the sec- 
ond (f2), third (fS) and further higher harmonic compo- 
n nts. 

[0096] The effect whereby the beam output value of 



the semiconductor laser LD1 in Figures 2 and 3 is stabi- 
lized by the superimposition of the high-frequency cur- 
rent lac on the direct current Mc that drives the 
semiconductor laser LD1 is further increased by the 
5 presence of the higher harmonic components f2 
tiirough f4, etc.. in addition to the fundamental wave 
component f 1 of the output of the high-frequency oscil- 
lating circuit CT1. 

[0097] Here, in the embodiments shown in Rgure 6 

10 and Figures 8 through 10. tiie output of tiie high-fre- 
quency oscillating circuit CT1 is connected to tiie semi- 
conductor laser circuit CT2 via the coupling capacitance 
Cel. and the matching capacitance Cm is connected in 
parallel between tiie LD terminal of tiie semiconductor 

IS laser LD1 and ground (GND). Furttiermore. a driving 
current is supplied to the semiconductor laser LD1 from 
tiie semiconductor laser LD driving power source LDD 
via a low-pass filter or inductor. 
[0098] For example, tiie process by which Impedance 

20 matching between the high-frequency oscillating circuit 
CT1 and the semiconductor laser LD1 is achieved will 
be desaibed using Rgure 10. 
[0099] In the past, it was considered that the superim- 
position effect increases with an increase in the output 

25 level of the high-frequency oscillating circuit CT1. 
Therefore, the output of the high-frequency oscillating 
circuit CT1 used alone has been adjusted (while being 
observed by means of a measuring device with a 50 £2 
terminal impedance, e. g.. a spectrum analyzer) so that 

30 the maximum output is obtained. 

[0100] Conventionally, the superimposition effect is 
measured by connecting tiie high-frequency oscillating 
drcutt CT1 to the semiconductor laser LD1 via the cou- 
pling capacitance Ccl and then measuring the beam 

35 output of the semiconductor laser LD1 . In cases where 
tiie superimposition effect (amount of superimposition) 
does not show the maximum value or desired value, tiie 
value of the matching capacitance Cml is adjusted by 
trial-and-error. i. e., by repeating a process in which tiie 

40 matching capacitance Cml is replaced, and tiien tiie 
amount of superimposition is again measured. 
[01 01 ] Accordingly, so as to improve the method used 
to adjust tills matching capacitance Cml. various 
experiments were performed in order to elucidate tiie 

45 relationship of tiie frequency of the high-frequency 
oscillating circuit CT1. tiie mode of the semiconductor 
laser LD1 . and the matching capacitance Cm1 . 
[0102] Figure 17 is a graph which iliusti'ates tiie rela- 
tionship of the semiconductor laser mode, frequency of 

50 the superimposed current and matching capacitance in 
a case where the high-frequency oscillation frequency 
is 250 MHz. 

[01 03] Rgure 1 7 shows the results obtained when the 
relationship of tiie matching capacitance Cml (pF), 
55 amount of superimposition (mA) and output level (dBm) 
of the high-frequency oscillator at a 50 Q terminal 
impedance was measured using two types of semicon- 
ductor lasers A and B wtth tiie oscillation frequency of 



9 



17 



EP 0918 322 A1 



18 



the high-frequency oscillating circuit CT1 being set at 
250 MHz. It is seen that the nnatching capacitance Cml 
which shows the maximum value of the superimposition 
effect (amount of superimposition) varies according to 
the type of semiconductor laser used, and that there is 5 
no relationship between the maximum value of the out- 
put level of the high-frequency oscillating circuit CT1 
and the maximum value of the amount of superimposi- 
tion. 

[01 04] Rgure 1 8 is a graph which Illustrates the rela- 
tionship of the semiconductor laser mode, frequency of 

the superimposed current and matching capacitance in 
a case where the high-frequency oscillation frequency 
is 350 MHz. 

[01 05] Rgure 1 8 shows the results obtained when the 
relationship of the amount of superimposition, the out- 
put level at a 50 n terminal impedance and the match- 
ing capacitance Cm1 was measured using the same 
types of semiconductor lasers A and B as in Figure 17 
with the frequency of the high-frequency oscillating cir- 
cuit CT1 set at 350 MHz. Here, it Is seen that even in 
cases where the same type of semiconductor laser is 
used, the value of the matching capacitance Cml which 
shows the niaximum amount of superimposition varies 
according to the frequency of the high-frequency cur- 
rent that is superimposed on the direct current used to 
drive the semiconductor laser LD. 
[01 06] It is seen from the above experimental results 
that the maximum value of the superimposition effect in 
a semiconductor laser depends on the mode of the 
semiconductor laser and the frequency of the high-fre- 
quency current that is superimposed. 
[0107] Accordingly, if data is acquired beforehand for 
the amount of superimposition by varying the matching 
capacitance Cm for various combinations of semicon- 
ductor laser modes and superimposition oscillator fre- 
quencies, and the requirements In terms of the mode of 
the semiconductor laser used in the laser beam gener- 
ating circuit and the frequency of the high-frequency 
cun-ent used for superimposition are decided, the 
matching capacitance can be definitively determined. 
[0108] Furthermore, the amount of superimposition 
required is not always the maximum value; and there 
may be cases in which a value that is far apart from the 
maximum value is designated. In the case of such 
requirements as well, the matching capacitance can 
easily be determined if data for the laser mode, fre- 
quency of the high-frequency oscillator used for super- 
inrposition and matching capacitance Cm are prepared 
beforehand. 

[0109] In a laser beam generating circuit that is com- 
prised of a semiconductor laser, a high-frequency oscil- 
lator, a coupling capacitance, a matching capacitance 
and a power s^3ply. the matching capacitance at which 
the superimposition effect shows a maximum value can 
be obtained on the basis of data acquired beforehand 
by varying the matching capacitance for various combi- 
nations of the semiconductor laser and frequency of the 



high-frequency oscillator and measuring the amount of 
superimposition of the high frequency; then, the match- 
ing capacitance can be adjusted so that the prescribed 
anx)unt of siperimposition is obtained. 
[0110] As shown in each of the embodiments 
descrbed above, the invention of the present applica- 
tion possesses the following superior merits: i. a, in a 
beam pick-up device which is used to write Information 
on a high-density menfX)ry data recording medium (opti- 
cal disk) using laser beam or to read out information 
which has thus been written, the high-frequency oscilla- 
tor side and the control device side can be separated 
from each other in high-frequency terms by inserting 
devices such as inductors, etc. which show a high 
impedance at high frequencies between the ground line 
of the high-frequency circuit and the ground line of the 
overall device. As a result, the need for a so-called 
shielding case such as a metal case. etc.. which has 
conventionally been necessary between the high-fre- 
quency oscillator and the control device, can be elimi- 
nated. Therefore, the size of the device can be reduced, 
a pick-up construction which is superior in temis of 
mobility can be obtained, and the cost of the device can 
be reduced. 

[01 1 1 ] Furthermore, in the DC power supply path, the 
DC laser driving cun-ent supply path and the path used 
to check the anrx)unt of emitted beam as well, it is possi- 
t)le to separate the high-frequency oscillator side and 
the control device side from each other in terms of high- 
frequency by inserting devices such as inductors, etc.. 
which show a high impedance at high frequencies in the 
same manner as in the case of the above-described 
ground lines. Accordingly, a pick-up construction which 
is superior in terms of compactness and nx>bility can be 
obtained, and costs can be reduced, in the same man- 
ner as described above. 

[01 1 2] In addition, by using f errrte beads as the above- 
described "devices such as inductors, etc.". a further 
reduction in circuit size, reduction in cost, etc. can be 
accomplished. Moreover, witii ferrite beads used in a 
plurality of the paths refen-ed to above in the form of fer- 
rite head arrays, an additional effect of mutual cancella- 
tion of unnecessary radiation of different phases can be 
obtained. 

[01 1 3] Furthermore, in cases where devices such as 
inductors, etc. which show a high impedance at high fre- 
quencies are inserted into the signal feedback path of 
tiie high-frequency oscillating circuit, the oscillation can 
be stabilized; and moreover, in cases where tfie 
"devices such as inductors, ete." are ferrite beads, the 
size of the circuit can be reduced, and a reduction in 
cost can be achieved. 

[0114] Furthermore, the present invention is con- 
structed so that the semiconductor laser is driven with 
tw different high-frequency currents superimposed on 
tiie DC laser driving current, erther by means of a high- 
frequ ncy oscillating circuit which is capable of generat- 
ing two fundamental waves or by m ans of a high-fre- 
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quency oscillating circuit which is capat)le of utilizing the 
fundamental wave and the higher harmonics of the fun- 
damental wave; accordingly, it is possible to obtain a 
sufficient superinrposition effect even if the levels of the 
fundamental waves or higher harmonics from the high- 5 
frequency oscillating circuit are kept at low levels. 
Accordingly, unnecessary radiation from the high-fre- 
quency oscillating circuit can he conspicuously 
reduced. 

10 

Claims 

1 . A laser beam generating circuit that uses a sem- 
iconductor laser device characterized in that said 
laser beam generating circuit comprises: is 

at least one high-frequency oscillating circuit 
which receives power from a DC power supply 
and generates a high-frequency current, 
a semiconductor laser device having a ground 20 
terminal, said semiconductor laser device 
receiving a DC laser driving current from a 
laser driving current source so as to generate 
and emit laser beam and further receiving 
reflected beam of said laser beam so as to per- 2S 
form a confirmational output of an amount of 
beam emitted, 

a coupling capacitance provided t)6tween said 
high-frequency osdllating circuit and semicon- 
ductor laser device so as to couple said high- 30 
frequency oscillating circuit and semiconductor 
laser device, thus superimposing said high-fre- 
quency cunrent on said DC laser driving cur- 
rent, and 

a matching capacitance provided between an 3S 
input terminal of said DC laser driving cun-ent 
and a ground terminal so as to perform imped- 
ance matching on said high-frequency cunrent. 
wherein an inductance element which has a 
high impedance at an oscillation frequency of 40 
said high-frequency osdllating drcuit is pro- 
vided in at least a path from said ground termi- 
nal to a ground part of an other internal drcuit 
which controls said laser beam generating dr- 
cuit. so that said ground terminal and internal 45 
circuit are connected via said inductance ele- 
ment. 

2. A laser beam generating device that uses a sem- 
iconductor laser device according to Claim 1 . char- so 
acterized in that a drcuit which has a high 
impedance with respect to a prescribed frequency 

is provided in a signal feedback path of said high- 
frequency oscillating drcuit 

3. A laser beam generating device that uses a sem- ss 
iconductor laser device according to Claim 2. char- 
acterized in that said circuit which has said high 
impedance is comprised of fenlte beads. 



4. A laser beam generating drcuit that uses a sem- 
iconductor laser device according to Qaim 1, char- 
acterized in that said ground terminal is electrk»lly 
connected via a ground capacitance from a point on 
a DC power supply path of said high-frequency 
oscillating circuit, a point on said DC laser driving 
current path, and a point on a path of said confirma- 
tional output of said amount of beam emitted. 

5. A laser beam generating device that uses a sem- 
iconductor laser device characterized in that in a 
laser beam generating drcuit which comprises at 
least a DC power supply terminal, a semiconductor 
laser driving power supply tenninal. a terminal for 
checking an amount of beam emitted by a semicon- 
ductor laser, a ground terminal, and a high-fre- 
quency oscillating circuit; an inductance element 
which has a high impedance at an oscillation fre- 
quency of said high-frequency oscillating drcuit Is 
provided in said ground terminal, so that said 
ground terminal and an irrternal circuit are con- 
nected via said inductance element. 

6. A laser beam generating device that uses a sem- 
iconductor laser device according to Claim 5. char- 
acterized in that said inductance element which has 
said high impedance is an inductance element 
comprising ferrite beads. 

7. A laser beam generating device that uses a sem- 
iconductor laser device according to Claim 4, char- 
acterized in that a circuit which has a high 
impedance with respect to a presaibed frequency 
is provided in a signal feedback path of saki high- 
frequency oscillating drcuit. 

a A laser beam generating device that uses a sem- 
iconductor laser device according to Claim 7, char- 
acterized in that said circuit which has said high 
impedance is comprised of ferrite beads. 

9. A laser beam generating device that uses a sem- 
iconductor laser device characterized in that in a 
laser beam generating drcuit which coirprises at 
least a high-frequency oscillating circuit and con- 
structed so that an output of sakJ high-frequency 
oscillating drcuit is superimposed on a semicon- 
ductor laser driving power supply, said high-fre- 
quency osdllating drcuit is equipped with a circuit 
which is installed in a path of a signal feedback cir- 
cuit and has a high impedance with respect to a 
prescribed frequency, and said drcuit which has 
said high impedance is an inductance element 
using ferrite beads. 

10. A laser beam generating device that uses a 
semiconductor laser device according to Claim 1. 
characterized in that said inductance element is 
provkled in a DC power supply path of said high- 
frequency oscillating drcuit. in sakj DC laser driving 
cunrent path and in said beam emission confirma- 
tional output path, in addition to being provided in a 
path from said ground terminal to sakl ground part 
of another internal circuit which controls said laser 
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beam generating drcuii 

12. A laser beam generating device that uses a 
semiconductor laser device according to Claim 11, 
characterized in that said inductance elements are 
constructed using ferrite beads. s 

13. A laser beam generating device that uses a 
semiconducta laser device according to Claim 12. 
characterized in that said Inductance elements are 
constructed using ferrite bead arrays in which a plu- 
rality of fenrite beads are formed into a integral unit io 

14. A laser beam generating device that uses a 
semiconductor laser device characterized in that in 
a laser beam generating circuit wNch comprises at 
least a DC power supply terminal, a semiconductor 
laser driving power supply terminal, a terminal for is 
checking an anix)unt of beam emitted by a semicon- 
ductor laser, a ground terminal, and a high-fre- 
quency oscillating circuit: ferrite bead arrays in 
which a plurality of inductance elements comprising 
ferrite beads are armed into an integral unit are pro- 20 
vided in said DC power supply terminal, in said 
semiconductor laser driving power supply terminal, 

in said terminal for checking an amount of t>eam 
emitted by a semiconductor laser, and in said 
ground terminal, so that respective terminals and 2S 
internal circuitry are connected via said inductance 
elements. 

15. A laser beam generating device that uses a 
semiconductor laser device according to Claim 10. 
characterized in that a circuit which has a high 30 
impedance with respect to a prescribed frequency 

Is provided in a signal feedback path of said high- 
frequency oscillating circuit 

16. A laser beam generating device that uses a 
semiconductor laser device according to Claim 15. 35 
characterized in that said circuit which has said 
high impedance is comprised of f enite beads. 

17. A laser beam generating device that uses a 
semiconductor laser device characterized in that in 

a laser beam generating circuit which comprises: 40 

at least one high-frequency oscillating circuit 
which receives power from a DC power supply 
and generates a high-frequency current, 
a semiconductor laser device having a ground 4S 
terminal, said semiconductor laser device 
receiving a DC laser driving cun-ent from a 
laser driving current source so as to generate 
and emit laser beam and further receiving 
reflected beam of said laser beam so as to per- so 
form a confirmational output of an amount of 
beam emitted, 

a coupling capacitance provided between said 
high-frequency oscillating circuit and semicon- 
ductor laser device so as to couple said high- ss 
frequency oscillating circuit and semiconductor 
laser device, thus superimposing said high-fre- 
quency cun'ent on said DC laser driving cur- 



rent, and 

a matching capacitance provided between an 
input tenminal of said DC laser driving cunrent 
and a ground terminal so as to perform imped- 
ance matching on said high-frequency current: 

a higher-harmonic current output of said 
high-frequency oscillating circuit is an out- 
put in which at least one type of higher har- 
monic output is superimposed on a 
fundamental wave output of an oscillation 
frequency. 

18. A laser beam generating device that uses a 
semiconductor laser device characterized in that in 
a laser beam generating circuit which comprises: 

at least one high-frequency oscillating circuit 
which receives power from a DC power supply 
and generates a high-frequency current, 
a semiconductor laser device having a ground 
terminal, said semiconductor laser device 
receiving a DC laser driving current from a 
laser driving current source so as to generate 
and emit laser beam and further receiving 
reflected beam of said laser beam so as to per- 
form a confirmational output of an amount of 
beam emitted, 

a coupling capacitance provided between said 
high-frequency oscillating circuit and semicon- 
ductor laser device so as to couple said high- 
frequency oscillating circuit and semiconductor 
laser device, thus superimposing said high-fre- 
quency current on said DC laser driving cur- 
rent, and 

a matching capacitance provided between an 
input terminal of said DC laser driving current 
and a ground terminal so as to perform imped- 
ance matching on said high-frequency current: 
wherein 

said high-frequency oscillating circuit is 
comprised of a plurality of high-frequency 
oscillating circuits, and fundamental wave 
outputs of a plurality of oscillation frequen- 
cies are superimposed on said DC laser 
driving cun-ent as a higher harmonic cur- 
rent output. 

19. A laser beam generating device that uses a 
semiconductor laser device according to Claim 18. 
characterized in that said high-frequency current 
output of said high-frequency oscillating circuit is an 
output in which at least one type of higher harmonic 
output of respective fundamental wave outputs of 
said plurality of oscillation frequencies Is superim- 
posed. 

20. A laser beam generating device tiiat uses a 
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semiconducta laser device characterized in that 
said laser beam generating device comprises at 
least a high-frequency oscillating circuit and con- 
structed so that an output of said high-frequency 
osdttating circuit is superimposed on a semicon- 5 
ductor laser driving power supply, wherein said 
high-frequency oscillating circuit generates two or 
more oscillation frequency signals and is con- 
structed so that said plurality of high-frequency sig- 
nals are superimposed on said semiconductor 10 
laser driving power supply. 
21. A laser beam generating device that uses a 
semiconductor laser device according to Claim 20, 
characterized in that said high-frequency oscillating 
circuit is conprised of a plurality of high-frequency is 
osdilators. 
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